Abstract The influence of water in samples on matrix effects and recoveries of analytes were investigated during the determination of residues of nine beta-agonists including salbutamol, terbutaline, cimaterol, fenoterol, clorprenaline, ractopamine, tulobuterol, clenbuterol, and penbuterol in porcine liver, muscle, and urine samples with liquid chromatography tandem mass spectrometry. Lyophilization procedure was adopted for sample moisture removal. The results showed that there were weak suppression effects for all target analytes except ractopamine, and no significant differences were found between fresh and lyophilized samples with respect to matrix effects of nine beta-agonists (P > 0.05). However, most analytes' recoveries in the range of 85.0-115 % were obtained in lyophilized samples, while only a few ones were found in fresh samples. There are significant differences in recoveries for most analytes between fresh and lyophilized samples (P<0.05). In conclusion, water in sample matrices does not affect matrix effects significantly while it might be one of the reasons causing poor recovery. Water removal is effective to improve recoveries of analytes without increasing matrix effects.
Introduction
Beta-agonists, a group of synthetic phenethanolamine compounds, are mainly used as bronchodilatory and tocolytic agents for therapeutic purposes in both human and veterinary medicine. Due to their ability to improve carcass characteristics and productivity of animals, they are also illegally used as growth promoters in food-producing animals in few farms. As we know, however, the consumption of animal-derived food from treated animals has resulted in a number of reports of human food poisoning, with one of the clinical symptoms being heart disorders which can be fatal (Maistro et al. 1995; Martinez-Navarro 1990) . They have been banned as growthpromoting agents in farm animals in Europe and Asia (Liu et al. 2011) . Nevertheless, their illicit use in animal husbandry still occurs from time to time (Sai et al. 2012) . To ensure consumers' safety, various analytical methods such as rapid immunochemical tests (Delahaut et al. 1991; Haasnoot et al. 2002) , gas chromatography-mass spectrometry (GC-MS) (Gallo et al. 2007; Gonzalez et al. 1997; Liu et al. 2009 ) and liquid chromatography-mass spectrometry (LC-MS) methods (Liu et al. 2011; Nielen et al. 2008; Shao et al. 2009 ) have been developed for monitoring the illegal use of beta-agonists. Thanks to its sensitivity, selectivity, and specificity, liquid chromatography tandem mass spectrometry (LC-MS/MS) has become a good choice for detecting beta-agonists (Shao et al. 2009 ).
One of the most challenging parts of residue analysis is to isolate analytes at trace levels from complex matrices. Thus, sample preparation is of great importance to efficiently extract analyte and remove interferences at the same time, in turn, guarantee the reliability of detected results and produce meaningful data.
Water, a main component of biological cells, accounts for 80-90 % of fresh weight of cells. Average amounts of water LiQi Wang and ZhenLing Zeng contributed equally to this work. are from 60 to 90 % in organisms and approximate 65 % in mammals. As the major chemical constituent of animal tissues and body fluids, water content in porcine liver and muscle is of more than 70 %. And in urine, it accounts for more than 99 %. Since water in samples might affect interaction between extraction solvent and analytes or sample matrices, the matrix effects (MEs) and recoveries of analytes in fresh samples might be different from those in dehydrated samples. In order to improve the detected results, several researchers tried to remove water by addition of anhydrous sodium sulfate (Yamashita et al. 2015) or anhydrous magnesium sulfate (Lehotay et al. 2005 ) during sample pretreatment. Vacuum freeze-drying (a.k.a. lyophilization), based on dehydration by sublimation of a frozen product, is a new and high technology for water removal with final products of high quality. It has been widely used for moisture removal in residue analysis. Bravo et al. (2004) developed a method for quantifying six dialkyl phosphate urinary metabolites of at least 28 organophosphorus pesticides using isotope-dilution gas chromatography tandem mass spectrometry (GC-MS/MS), and lyophilization was employed to remove water from urine samples. Berggren et al. (2000) reported that recovery of clenbuterol in calf urine could increase from 65 up to 100 % if urine was freeze-dried prior to analysis. Bock et al. (2007) pointed out that for confirmatory analysis, matrix calibration with the same matrix condition (lyophilized or fresh) is required because of different matrix suppression effect and recovery.
The purpose of this work is to investigate the influence of water in sample matrices (lyophilized or fresh) on matrix effects and recoveries of analytes during the determination of residues of beta-agonists including salbutamol, terbutaline, cimaterol, fenoterol, clorprenaline, ractopamine, tulobuterol, clenbuterol, and penbuterol in porcine liver, muscle, and urine using LC-MS/MS, based on the method developed in our previous study (Wang et al. 2013a ).
Materials and Methods

Reagents and Materials
Ethylene glycol dimethacrylate (EGDMA) was obtained from Sigma-Aldrich (St. Louis, MO). Methacrylic acid (MAA) and 2, 2′-azobisisobutyronitrile (AIBN) were purchased from Kermel Chemical Reagents Development Center (Tianjin, China). Acetonitrile, methanol, and formic acid purchased from Fisher Scientific Co. (Pittsburgh, PA) were of HPLC grade. Other reagents were of analytical grade.
Standards
Standards of salbutamol, terbutaline, cimaterol, fenoterol, clorprenaline, ractopamine, tulobuterol, clenbuterol, and penbuterol were purchased from China Institute of Veterinary Drug Control (Beijing, China). Stock solutions of nine betaagonists were prepared in methanol at a concentration of 1 mg mL −1 and stored at −20°C. Working solutions were diluted from the stock solutions with 10 % methanol in water containing 0.1 % formic acid before use.
Preparation of the Polymer Packing
The polymer as packing material of a solid phase extraction (SPE) cartridge was prepared in accordance with the method described by Wang et al. (2013a) . Briefly, appropriate amounts of monomer (MAA), cross-linker (EGDMA), initiator (AIBN), and acetone were added to an empty polypropylene tube, sonicated for 10 min, and degassed with nitrogen for 5 min on an ice bath before being sealed. The tube was placed in a water bath at 60°C for 24 h. Polymer monolith was crushed, sieved, and particles with sizes between 38.5 and 75.0 μm were collected. The particles were washed with methanol and dried under vacuum. A new type of SPE cartridge packed with 200 mg of the synthesized polymer particles was applied in the following experiments.
Sample Preparation
Preparation of Lyophilized Powder of Porcine Tissues and Urine
A total of 2.0 g porcine liver (muscle) or 1 mL porcine urine sample was transferred into 50-mL conical tubes before being frozen for more than 2 h at −80°C. Then, the frozen materials were lyophilized for ca 24 h using a Christ Alpha 2-4 LSC bench-top freeze-dryer (Osterode, GER). Thereafter, lyophilized samples were ground to fine powder for further treatment.
Sample Extraction and Cleanup
Porcine liver, muscle, and urine samples were pretreated and analyzed by LC-MS/MS according to the method we previously developed (Wang et al. 2013a, b) . Briefly, for porcine liver or muscle sample, 2.0 g of blank homogenized fresh sample or a corresponding amount of lyophilized sample was extracted with 10 mL of acetonitrile and 1 mL of 10 % sodium carbonate solution. After vortexing, sample was sonicated about 30 min and centrifuged in 8000×g for 10 min at 4°C, followed by transferring the supernatant into another tube. The sediment was extracted with 5 mL acetonitrile once again. Then, the supernatants were combined together and evaporated to dryness under nitrogen at 50°C, and residues were redissolved in 0.02 mol L −1 ammonium acetate (pH 5.2).
For urine sample, 1 mL of fresh sample was fivefold diluted with 0.02 mol L −1 ammonium acetate (pH 5.2), and the corresponding amount of lyophilized sample was reconstituted with 5 mL 0.02 mol L −1 ammonium acetate (pH 5.2) before cleanup. The prepared SPE cartridge was conditioned with methanol, water, and 0.02 mol L −1 ammonium acetate (pH 5.2), and then 5 mL extracts of tissue or urine sample (fresh or lyophilized) were loaded onto the cartridge, followed by a washing step with water and methanol. Finally, the cartridge was eluted with 5 mL methanol containing 4 % ammonia. The eluates were collected, evaporated to dryness under a gentle nitrogen stream at 50°C. Residues of liver, muscle, and urine samples were reconstituted in 1.0, 1.0, and 0.5 mL 10 % methanol in 0.1 % formic acid aqueous solution, respectively, and then centrifuged at 15,000×g for 10 min before the supernatant was injected for LC-MS/MS analysis.
LC-MS/MS Conditions
An Agilent 1200 HPLC system (Palo Alto, CA) coupled to an Applied Biosystems API 4000 triple-quadrupole mass spectrometer (Foster City, CA) equipped with an electrospray ionization (ESI) source was employed. Chromatographic separation was performed using a Luna C 18 column (150 mm×2 mm i.d., 5 μm) purchased from Phenomenex (Torrance, CA). Solvents A and B were acetonitrile and 0.1 % formic acid in water, respectively. Flow rate was at 0.25 mL min −1 . The linear elution gradient profile consisted of 0-2.0 min: 0-45 % A; 2.0-6.0 min: 45 % A; 6.0-7.0 min: 45-0 % A; 7.0-15 min: 0 % A. The mass analyses were performed using an electrospray ion source in positive ionization mode. Selective reaction monitoring (SRM) experiments were carried out (Zhang et al. 2011) . The operation conditions were as follows: ion spray voltage, 5.0 kV; source temperature, 600°C; curtain gas, 20 psi; ion source gas 1 and gas 2 were at 60 and 55 psi, respectively. Dwell time was 150 ms for all nine beta-agonists. Table 1 shows the optimized parameter values and the SRM transitions of target analytes.
Influence of Water in Samples on MEs
Post extraction addition experiments were carried out for quantifying MEs according to the strategy applied by Matuszewki et al. (2003) . A total of 2.0 g blank porcine liver and muscle tissues samples or 1 mL urine sample and their corresponding amount of lyophilized power were extracted and cleaned up as described above, followed by spiking mixture of nine beta-agonists at a concentration of 2 μg kg(L)
into the sample extracts. Meanwhile, neat solution standard of nine beta-agonists at level of 2 μg L −1 was prepared. The percentage of ME is calculated as ME % ð Þ ¼ B=A Â 100
Where A and B represent the peak area of the standard solution and the standard spiked after extraction, respectively. A ME value of 100 % indicates that no matrix effect is present. If the value is less than 100 %, there is signal suppression, and if the value is more than 100 %, there is signal enhancement. Samples from three different sources were investigated and each experiment was performed in triplicate.
Influence of Water in Samples on Recovery
An aliquot of 0.1 mL of the diluted standard solutions with acetonitrile was added into blank porcine liver, muscle, and urine samples in order to obtain spiked levels at 1.0, 10, and 50 μg kg(L) −1 , respectively. After vortexing, the spiked samples were allowed to stand for 20 min (the spiked samples for the lyophilized power were first lyophilized), and then extracted and cleaned up as described above. The extraction recoveries of nine beta-agonists at the spiked samples were determined by measuring the peak area response from samples spiked with particular working solution of beta-agonists before extraction with those from blank samples extracted and spiked with same concentration of analytes after extraction. Six replicates for each concentration level were performed and repeated in three consecutive days. The precision was expressed as coefficient of variance (CV).
Results and Discussion
The method was established for analysis of nine beta-agonists residues in fresh porcine liver and urine samples and their corresponding lyophilized samples on basis of Wang et al. (2013a) . Main performance of the method, such as specificity, sensitivity, accuracy, and precision were validated. The results demonstrated that no interfering peaks within the 2.5 % margin of the relative retention time of the target analytes were detected in the SRM chromatograms. The limit of detection, recovery, and coefficient of variance were acceptable for all analytes in fresh and lyophilized matrices.
Influence of Water in Samples on MEs
Matrix effects, a phenomenon in which analyte ionization is suppressed or enhanced due to the interferences co-eluting with the analyte (Wang et al. 2012) , are widely found in LC-MS n analysis. Since MEs can drastically affect precision, accuracy, and linearity of a method and lead to poor and unreliable data in a quantitative assay (Matuszewski et al. 1998) , it has become a new parameter for validation of method development (Rogatsky et al. 2005) . MEs of nine beta-agonists in fresh and lyophilized samples are presented in Tables 2 and 3 , respectively. Except for fenoterol in liver and urine, and terbutaline in liver, average MEs of all beta-agonists in fresh porcine liver, muscle, and urine were in the range of 93.0-114 %, 83.0-100 %, and 81.0-109 %, respectively. And with the exception of fenoterol in liver and urine, and cimaterol in muscle, average MEs of all beta-agonists in lyophilized porcine liver, muscle, and urine were in the range of 85.6-111 %, 83.5-102 %, and 82.1-115 %, respectively. The data showed that for certain analytes in liver matrices, MEs in lyophilized sample were more obvious than those in fresh sample; while an opposite phenomenon was found for most analytes in urine matrices. Analysis of variance was then conducted to figure out if MEs of analytes in lyophilized samples were significantly different from those in fresh samples. The results listed in Table 4 showed that no significant differences between them were found (P>0.05) for all analytes, indicating that water in porcine liver, muscle, and urine matrices does not affect MEs of the analytes significantly.
With sponge-like porous structures formed during lyophilization due to a stable solid skeleton formed in samples in freezing process remains its shape after sublimation of water, lyophilized tissue samples are more easily infiltrated by extraction solvents, so that analytes and extraction solvents might interact with each other more fully, in turn, more matrix interferences might be extracted, leading to stronger MEs in lyophilized tissue samples than those in fresh ones for some analytes such as salbutamol, terbutaline, cimaterol, fenoterol, clorprenaline, and clenbuterol. However, with good purification ability, solid phase extraction might remove the major matrix effectors in samples. Therefore, differences between MEs in fresh and lyophilized tissues samples were not significant. a ME (%)=B/A×100, where A and B represents peak area of analyte in pure solvent and matrix, respectively a ME (%)=B/A×100, where A and B represents peak area of analyte in pure solvent and matrix, respectively b Data adopted from literature (Wang et al. 2013b) Before urine matrix was cleaned up by the SPE, 1 mL fresh urine was diluted with 4 mL 0.02 mol L −1 ammonium acetate (pH 5.2) and its corresponding lyophilized powder was reconstituted in 5 mL 0.02 mol L −1 ammonium acetate (pH 5.2). For fresh urine, all matrix components were introduced into SPE procedure, while for the lyophilized sample, only part of matrix components were reconstituted in sample solution (many non-polar components were removed) for SPE. Thus, all analytes except for terbutaline, ractopamine, and clenbuterol in lyophilized urine matrix showed weaker MEs compared to those in fresh urine. Similarly, differences between MEs in lyophilized and fresh urine samples were insignificant because the SPE cartridge might remove the major matrix effectors causing MEs. Above all, water in porcine tissues and urine samples might affect matrix effects of beta-agonists to some extent. However, the impact could be eliminated by extensive cleanup. Moreover, the results demonstrated that water in sample matrices is not a critical factor causing matrix effects.
Influence of Water in Samples on Recovery
Average recoveries of nine beta-agonists in fresh and lyophilized samples are listed in Tables 5 and 6 , respectively. Except for fenoterol in all lyophilized samples and penbuterol in lyophilized liver and urine matrices whose average recoveries were below 60 %, average recoveries of all analytes in lyophilized liver, muscle, and urine matrices were in the range of 61.1-98.7 %, 74.9-104 %, and 80.7-106 %, respectively. Intra-day and inter-day CVs for all compounds in lyophilized samples were in the range of 0.3-13 % and 1.9-12 %, respectively. Compared to those in fresh urine sample, the recoveries a Data adopted from literature (Wang et al. 2013b) of most analytes in lyophilized urine matrix were obviously improved. In fresh sample matrices, only a few analytes with recoveries in the range of 85.0-115 % at one or more spiked levels were found, including two analytes (salbutamol and clenbuterol) in liver; two analytes (cimaterol and ractopamine) in muscle and six analytes (salbutamol, terbutaline, cimaterol, ractopamine, clenbuterol, and penbuterol) in urine. While in lyophilized sample matrices, recoveries in the range of 85.0-115 % at one or more spiked levels were observed for most analytes such as cimaterol, clorprenaline, ractopamine, clenbuterol, and tulobuterol in liver; salbutamol, terbutaline, cimaterol, clorprenaline, ractopamine, tulobuterol, and clenbuterol in muscle and urine. The results indicated that water in sample matrices could impact recoveries of beta-agonists apparently. These findings are consistent with Berggren's report (2000) , in which recovery of clenbuterol in calf urine were effectively improved from 65 to 100 % after lyophilization. Analysis of variance was further conducted to figure out if recoveries of analytes in lyophilized samples were significantly different from those in fresh samples. As shown in Table 7 , the results indicate that there are significant differences in recoveries for most analytes between fresh and lyophilized samples (P<0.05). It has been proved that water in sample might be one of the reasons for poor recovery of analytes (Bravo et al. 2004) , and removal of sample moisture is necessary for extracting more polar analytes (O'Keeffe et al. 1999) . With aromatic primary amine, aniline-type of beta-agonists such as clenbuterol and cimaterol are of medium polarity. And with catechol, resorcinol, or phenol structures, phenol-type beta-agonists like salbutamol, ractopamine, and terbutaline are of high polarity. So, water removal is effective for increasing their recoveries. Lyophilization is supposed to be the best way for removing moisture and keeping analytes stable at the same time. It is able to remove greater than 95 % of water in sample matrices at low temperature under vacuum condition. Furthermore, sponge-like porous structures in lyophilized tissue samples are beneficial for interaction between analytes and extraction solvents, and hence, recoveries of analytes could be improved. And as analyzed above, for urine matrix, less matrix components, which would compete bonding sites in SPE cartridge with analytes, were reconstituted in lyophilized urine sample than in fresh urine. Consequently, retention of analytes on SPE cartridge increased and their recoveries were improved.
Conclusions
Influence of water, the major component in animal tissue matrices, on matrix effects and recoveries of nine beta-agonists was investigated in their residue analysis in porcine liver, muscle, and urine by LC-MS/MS. Lyophilization was employed to remove sample moisture. No significant differences were found between MEs of nine beta-agonists in fresh and lyophilized samples (P>0.05), indicating that influence of water in porcine liver, muscle, and urine matrices on matrix effects of the nine beta-agonists was insignificant. However, much more analytes with recoveries from 85.0 to 100 % were found in lyophilized samples than those in fresh samples demonstrating that water in porcine liver, muscle, and urine matrices might obviously affect recoveries of beta-agonists. Removing moisture in porcine tissues and urine matrices by lyophilization might be an effective strategy to improve the accuracy of LC-MS/MS method for residue analysis without increasing matrix effects.
